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Background
Marine  sediment  serves  as  a  reservoir  for  contaminants  and,  as  a  result,  can  become  a
secondary  source  of  contaminants.  Traditional  approaches  for  assessing  contaminated
sediments focus on chemical analyses. However, this approach provides specific information
on targeted contaminants present in sediment and does not consider the  biological risk of
these contaminants to marine organisms. Sediment toxicity bioassays provide an evaluation
of the toxicity  of contaminated  sediments  on biota.  For this  reason, the determination of
sediment toxicity has become an integral part of marine environmental quality assessments.
Despite the ecological significance of sediments as a key habitat for organisms, the toxicity
of sediments  from ports  in  South Africa is  largely  understudied.  These environments  are
continuously  threatened  by  a  range  of  contaminants  which  originate  from  various
anthropogenic activities. Furthermore, dredging activities re-introduce contaminants that have
accumulated  within  the  sediment,  particularly  heavy  metals  and  hydrocarbons,  into  the
environment. 

Objective
The objective  of this  study was to determine  the spatial  extent  and severity  of  sediment
elutriate and porewater toxicity in the Port of Durban using the acute sea urchin fertilisation
test. 

Method
Surficial  sediment  samples  were collected  at  ten stations  in  the  Port  of  Durban.  The sea
urchin  fertilisation  test  was  performed  on  porewaters  and  elutriates  using  gametes  from
Tripneustes  gratilla.  Porewaters  and  sediment  samples  were  analysed  for  metals,  while
polycyclic  aromatic  hydrocarbons  (PAHs),  organochlorine  pesticides  (DDT  and  its
derivatives)  and  polychlorinated  biphenyls  (PCBs)  were  analysed  in  sediment  only.
Reference  toxicity  (positive  control)  tests  with  formaldehyde  and  copper  sulphate  were
conducted  to  assess  the  sensitivity  of  the  gametes.  Significant  differences  in  fertilisation
success between the controls and porewaters and elutriates were determined using Dunnett’s
multiple comparison tests. To determine the degree of toxicity, porewaters and elutriates were
classified as non-toxic when mean fertilisation was not significantly different (p > 0.05) from
the control, or slightly toxic when mean fertilisation was significantly different to the controls
(p < 0.05) but exceeded 80% of the control mean. Highly toxic samples were those in which
fertilisation was <50% of the controls, and moderately toxic when fertilisation was <80% of
the  control.  A sediment  quality  index was  used  to  assess  sediment  quality  based  on the
findings of multiple contaminant indicators (i.e. metal and organic concentrations) into one of
five classifications, namely excellent (≥95), good (≥80 - <94), fair (≥65 - <79), marginal (≥45
- <64) or poor (0 - ≤44). 

Results
Most sediment metal concentrations were markedly higher in the upper part of the port and
concentrations  of  PAHs,  OCPs  and  PCBs  were,  in  most  cases,  were  several  orders  of
magnitude  higher  than the lower part  of  the port.  There  were however  some exceptions.
Sediment  from a  basin  in  the  lower  part  of  the  port  had  the  highest  concentrations  of
cadmium  and  sediment  in  the  entrance  channel  was  also  contaminated  by  fairly  high

mailto:Avelayudan@csir.co.za
mailto:Bnewman@csir.co.za


concentrations of manganese and organic contaminants. The upper part of the port receives
inflows from three rivers that are severely contaminated, particularly with PAHs and PCBs.
Thus these rivers are significant contributors of the sediment quality impairment in the upper
part  of  the  Port  of  Durban.  Vessel  repair  facilities  found  in  this  area  also  contribute  to
sediment quality impairment. Based on the sediment quality index, sediment quality across
most of the upper part of the Port of Durban was classified poor or marginal. Most sediment
in the lower part of the port was classified good or excellent despite the presence of some
contaminants in high concentrations, however sediment in the entrance channel of the port
which was classified marginal. The marginal or poor sediment quality classifications reflect
the fact that sediment in these areas was significantly contaminated by metals, PAHs, OCPs
and PCBs. 

The salinity and pH of porewaters and elutriates were within acceptable limits for all tests
performed. The highest, or amongst the highest concentrations of most metals in porewaters
(cadmium,  chromium,  lead,  and  nickel)  were  observed  from the  upper  part  of  the  port.
Copper concentrations in porewaters varied widely while concentrations of arsenic, mercury
and zinc in the lower part of the port were the highest, or amongst the highest concentrations
found.

Mean percentage of fertilised eggs in the control and dilution water was 98.75 ± 0.5 and
results from the reference toxicant tests fell within acceptable limits. Toxicity was evident in
all porewaters tested (p < 0.001) and broadly followed similar trends as the sediment quality
indices. Porewater toxicity was highest in sediment from the inner most part of the port (<1%
mean  fertilisation  success),  and  moderately  toxic  to  sea  urchin  gametes  (71.25%  mean
fertilisation  success)  in  sediment  near  the  entrance  channel  of  the  port.  The  remaining
porewaters exhibited only slight toxicity; however it must be noted that porewater at some
stations in the upper part of the port just marginally fell into the slight toxicity category. This
clearly alludes to sediment quality in the upper part of the port being poorer than in the lower
part.  Despite  the  high  concentrations  of  metals,  ammonia  and sulphide  in  porewater  and
sediment,  there was no significant relationship between toxicity  and any of the measured
concentrations (p > 0.05). 

The fertilisation success of sea urchin gametes exposed to elutriates from inner most part of
the port,  although exceeding 90%, was significantly  different  to  the control  (p  < 0.001),
however  when fertilisation  responses  were  expressed  as  a  percentage  of  the  control,  the
elutriates were considered only slightly toxic. No significant effect (p > 0.05) on fertilisation
was observed for the rest of the elutriates from the Port of Durban. Elutriate toxicity tests
were  primarily  designed  to  determine  whether  toxic  water-soluble  contaminants  are
potentially  released from sediment  to the water column via resuspension during dredging
operations. The toxicity of elutriates may be lessened by dilution during the preparation of
these samples, as was most likely the case in this study.

Conclusion
This study reports toxicity data on porewater and elutriates from sediments in the Port of
Durban tested with the sea urchin fertilisation test. The results indicate that sediment in the
upper  part  of the Port  of Durban is  severely contaminated by multiple  contaminants  and
evinced the highest toxic responses. The results also demonstrated that porewater toxicity
tests using sea urchin gametes are sensitive enough to differentiate between sediments with
varying levels of contamination and would be a valuable tool for screening toxic sediment.


